ecosystem. For instance, the microbial composition of saliva stimulated by chewing is very similar like the tongue dorsum, 4 and the pH of the oral cavity has been associated with the appearance of the tongue. 5 Furthermore, tongue coating is increased in periodontal disease. 3, 6 Also, periodontitis-associated bacteria present in tongue coating have been closely associated with those in dental plaque. 7, 8 Therefore, it is likely that the bacteria in the coating of the tongue act as a reservoir via the saliva for those in the plaque biofilm on the teeth. 9 Compared to the gums and teeth, the tongue has not received much attention from dental researchers. As a consequence, there are relatively few clinical studies describing tongue coating, especially in health. Mantilla Gómez and colleagues in 2001 used a detailed assessment to describe the Tc and Td in 70 healthy/gingivitis participants. 3 They included participants within a wide age range but in their analysis showed that age was a significant factor with respect to the prevalence of tongue coating. They also did not record whether participants habitually cleaned their tongue, while it is known that this may impact the surface appearance. 10 Also, other oral hygiene habits such as tooth cleaning and interdental cleaning may impact tongue coating. 11 For the present study, a cohort of 268 non-smoking systemically healthy young adults, within a relatively small age range, was evaluated for tongue surface appearance (ie coating and discoloration).
Subjects were questioned about their oral hygiene habits, including tongue cleaning. In addition, the relationship with the level of dental plaque, gingivitis and gender was assessed. 
| MATERIAL AND ME THODS

| Ethical procedures
| Participants and study design
The study population contained a convenience sample of 268 systemically healthy young adults, 18-32 years of age with an average of 22.6 years, without periodontitis. The screening of suitable volunteers took place from October 2012. Participants were selected, based on their health status assessed by a medical questionnaire, if they had visited their general dentist the previous year and were regarded to be without oral or dental problems. Periodontal screening was performed according to the criteria of the Dutch Periodontal Screening Index (DPSI). 3, 12 (for details see online supplement Table 1 ). The inclusion criterion was a DPSI ≤3 minus, which corresponds to: Score 0: No pockets >3 mm, no calculus, no overhanging restorations, no bleeding on pocket probing, Score 1: The same criteria as score zero but with presence of bleeding on pocket probing, Score 2: The same criteria as score one but with the calculus and/or overhanging restorations Score 3-: A maximum probing depth of 4-5 mm in the absence of gingival recession.
The enlisting protocol, exclusion and inclusion criteria are described in detail in previous studies. 13, 14 Particularly, exclusion criteria were: smoking, presence of systemic disease; overt dental caries; oral infections; recent use of antibiotics; and use of anti-inflammatory drugs or other prescribed medication (except for oral contraceptives) which could interfere with the outcome of this study.
| Questionnaires
Participants were instructed not to eat, drink, chew gum, or perform strenuous physical exercise before the appointment, and to refrain from oral hygiene procedures 24 hours before their appointment.
In addition participants were instructed to refrain from eating and drinking starting from midnight the day before the appointment. For each individual, the assessments took place in one single day in the following order.
| Gender and menstrual phase
Participants were asked to record their gender. Females were questioned in which phase of their menstrual cycle they were at the moment of the appointment. The menstrual cycle phase (menstrual, follicular or luteal) was noted for female participants. 14 The follicular phase was a summary of the follicular and proliferative phase.
| Tongue cleaning behaviour
To ascertain the tongue cleaning behaviour of the participants the Oral Hygiene Behavior questionnaire was used. 15, 16 The participants were questioned by one member of the research team (EVDS). The questionnaire was completed together with the participant to assure that all questions were answered. Only closed questions were implemented, which included brushing frequency, brushing time, tongue cleaning and interdental cleaning behaviour frequency such as the rate of floss, woodsticks and interdental brushing.
| Bleeding on marginal probing (BOMP) score
The level of gingival inflammation was assessed according to the BOMP-score index (by EM) 13 (see online supplement Table 2 ). The measurement of bleeding as indication of gingival inflammation was recommended by several studies. [17] [18] [19] The measurements were scored in the 1st & 3rd quadrants or the 2nd & 4th quadrants. For each participant, these quadrants were randomly assigned. In the opposing quadrants, the dental plaque scores were carried out to avoid potential influence of this assessment on the BOMP scores.
| Tongue surface assessment
The tongue surface was visually assessed by one trained examiner (EVDS). 3 In short, the tongue was divided into 9 sections (3 posterior third, 3 middle third and 3 anterior third) (see online supplement Table 2 ) and one for Td (0-4). For Tc, 'no coating' was scored when the pink colour of the tongue was visible through the coating, and 'heavy-thick coating' was scored when there was no pink colour visible under the coating. If a section contained a third or more coating or discoloration, it was given the most prevalent score.
| Bleeding on pocket probing (BOPP) score full mouth
A full mouth assessment of the level of gingival inflammation was performed according to the BOPP score (by EVDS) 13 (see online supplement Table 2 ).
| Dental plaque (PI) scores
Dental plaque levels were scored (by DE) at six surfaces on each tooth as is suggested for the modified Silness & Löe index. 20, 55 The plaque score (PI) measurements were scored in randomly assigned the 1st & 3rd quadrants or the 2nd & 4th quadrants.
| Statistical analysis
The analyses were performed using SPSS Statistics 23.0 software (IBM). To assess the normality of the data a Kolmogorov-Smirnov test was used. BOMP, Tc and Td were not normally divided but skewed towards the left. The data of PI and BOPP were normally divided. As most of the data were not normally distributed, non-parametric tests were utilized. Spearman's correlation was used to explore the correlation be- Table 3 ). The Mann-Whitney U test was used to analyse a relationship of gender and tongue cleaning behaviour with Tc and Td.
A sub-analysis was performed to investigate whether gender, and hormonal change is related to Tc and Td. The relation between The mean of the sum of the scores found at the 9 sections in each individual for tongue coating thickness and tongue surface discoloration. b Percentage subjects with highest score. None of the participants had DPSI score 3 + and 4 since this was an exclusion of this study.
Tc, Td and the menstrual cycle of female subjects was evaluated using a Kruskal-Wallis Test. Due to the multiple comparisons among tongue coating and discoloration the Bonferroni corrections were applied by dividing the critical P-value (.05) by the number of comparisons.
| RE SULTS
The experimental period started in October 2012 and was finished in March 2013. In total 336 participants were screened, out of which 268 eligible individuals were examined. 13 The data of these 268 individuals were analysed. The number of males was 150 (56% of the participants) and the number of females was 118 (44% of the participants). The average age was 22.6 years, with a range of 18-32 (95% Confidence Interval, 95%CI: 22.7-23.
3). Table 1 shows a description of the study population by mean scores. Among the 268 participants the highest DPSI score was distributed as follows: score 0-(0%); score 1-(3.3%); score 2-(32.7%) and score 3-(63.6%). left anterior section of the tongue and 0.4% light-thin coating was found on the middle anterior section). Figure 1b shows the distribution of the prevalence of Td on the dorsum of the tongue. Also, a large part of discoloration is found at the posterior aspect with the mid posterior section showing the highest prevalence of yellow coating (46.3%). This section is also the part of the tongue where brown discoloration was observed. The anterior section of the tongue contains the least amount of discoloration (0.7% white coating). Table 2 shows the maximum percentages of Tc and Td summarized by data of all 9
| Tongue surface assessment
sections, distinguishing between male and female participants.
| Oral Health Behaviour
Results of the questionnaire regarding Oral Hygiene Behavior are shown in Table 3 In order to assess the impact of tongue cleaning behaviour on tongue surface appearance, data are presented by those that never or sometimes (Figure 2a, 3a) clean their tongue and those that do so on a daily basis (Figure 2b, 3b) . Results which were obtained by means of a Mann-Whitney U test can be found in Table 4 . The mean overall score for Tc and Td did not differ between those that cleaned or did not (regularly) do so (P = .17 and P = .10), respectively. Analyses of tongue cleaning behaviour showed that for BOMP as well as for BOPP a significant difference was found between those that cleaned on a daily basis or those that did not (regularly) do so. The mean BOMP scores were 0.41 and 0.49 respectively (P = .006) and the mean BOPP scores were 0.54 and 0.62 respectively (P = .001) (see also the boxplots in online supplement Figure 2a,2b ).
| Gingival health
| Dental plaque scores
Assessing the relationship between the dental plaque scores and tongue surface appearance showed no correlation between PI and Tc or Td. Analysis of tongue cleaning behaviour showed that for PI significant difference was found between those that cleaned or did not (regularly) do so.
| Age
No correlation between Tc and Td with age was found.
| Gender and menstrual cycle
When comparing female subjects with male subjects, a significant gender difference was found with respect to the Td and Tc (P = .001).
Males tended to exhibit more discoloration and tongue coating thickness on the dorsum of the tongue. Considering that a difference exists between male and female participants when assessing 
| D ISCUSS I ON
The aim of this study was to evaluate various factors which may possibly be of influence on the surface appearance of the tongue regarding both coating (Tc) and discoloration (Td). Therefore, factors that purportedly are linked to tongue coating were investigated: gender, dental plaque, 7 gingival inflammation, 13,24 age 3 and tongue cleaning behaviour. When assessing the surface appearance of the tongue, most of the Tc and Td is found at the posterior 3 of the 9 sections of the tongue. This was also observed in other studies using the same tongue coating index. 3, 22, 25 When comparing Tc and Td over the entire tongue surface, no significant correlation was found with gingivitis or dental plaque scores. Oral Hygiene Behavior, more in particular self-reported tongue cleaning, as performed by the participants themselves did not appear to influence the observed Tc and Td. Male participants presented with a thicker tongue coating than female participants. However, those participants that reported daily tongue cleaning had on average a lower BOMP and BOPP score.
| Tongue cleaning effect
No effect of tongue cleaning behaviour on Tc and Td was found ( Table 4 ). One of the reasons for this may be that the highest level of Tc and Td was found at the posterior (middle) section of the tongue.
Cleaning the posterior aspect of the tongue can be difficult due to a gagging reflex. Work from the past has shown that it is not possible to fully remove the micro-organisms from the dorsum of the tongue after extensive use of a tongue scraper. 26 More recently, it was confirmed that in patients with periodontitis, tongue cleaning does not influence the bacterial load on the tongue dorsum 27 or in the saliva. Even though the same study showed that tongue coating was significantly less after 2 weeks of tongue cleaning. 27 Tongue cleaning should therefore be performed on a daily basis due to the reformation process of the tongue coating. 28 On the other hand, a controlled study has observed with professional instructions a significant reduction of tongue coating in healthy subjects before and after tongue cleaning. 29 This suggests that an effect of Tc reduction can occur when clear instructions are given to subjects. The questionnaire, which was used for this study, only inquired about the frequency of tongue cleaning but did not particularly investigate which device was used for this. It can make a difference whether the tongue is cleaned with a brush of a scraper. For instance, a reduced gagging reflex has been observed with a tongue scraper compare to a brush. 30 Therefore, a scraper could be helpful in more effectively cleaning the posterior aspect of the tongue. Although another study did not substantiate a difference in tongue surface appearance when comparing a scraper to a manual brush for tongue cleaning, 31 both the scraper and brush reduced the amount of tongue coating (Tc) significantly. Tongue taste sensation ameliorated after 2 weeks of tongue cleaning, in particular for those using the scraper. Altogether it must be remembered that the assessment of oral hygiene habit was based on self-report of the participants and may suffer from subjectivity in that desirable answers were provided. Although no effect of tongue cleaning behaviour on Tc and Td was found, tongue cleaning on a daily basis was associated with slightly lower gingivitis (BOMP, BOPP) scores. This is in agreement with a recent study which concluded that tongue scraping can be taken into consideration in order to manage gingival inflammation. 32 While subjects suffering from periodontal disease are more likely to have a thicker layer of coating compared to periodontally healthy controls. 3 A possible biologic mechanism cannot be revealed by the data from the present study. Hypothetically, it could be that the visual aspects of the tongue surface do not change that much as a result of tongue cleaning, but it may result in a reduction of bacterial load which subsequently may have an impact on gingival health.
TA B L E 2 Maximum percentages of tongue coating thickness and tongue surface discoloration divided by gender presented by percentage of subjects, one or more of the 9 sections showing this aspect as highest score for the total tongue surface 
| Age
The age of the individual influences Tc. In the age groups above 40 years, more thickness was observed than in the age groups younger than 40 years. 3 This age-related observation might be associated with changes in the nature of saliva of a decrease in salivary flow rate with increasing age. 33 Also, a change of nutritional habits and the loss of dexterity to cope with oral hygiene could contribute to the tongue coating. Furthermore, there is an increase of filiform papillae with age. 5 Considering this previous observation, in the current study a small age range was used with the intention to minimize this potential age effect. Indeed, this was not present for Tc and Td.
| Hormonal changes
Hormonal fluctuations may influence the gingiva of pregnant women. 34 To discover whether hormonal changes could affect the appearance of the tongue dorsum, the relation between the phase of the menstrual cycle and Tc and Td was examined. No association between hormonal changes and tongue coating could be confirmed, but only 64 women of the 118 women were aware of their menstrual phase which may have introduced an information bias.
Males tended to exhibit more discoloration and tongue coating thickness on the dorsum of the tongue. An explanation for this cannot be provided based on the current data. However, also in a recent publication, participants with a yellow tongue coating were more likely to be men. 35 What may also play a role in our observation is that a fissured tongue was found to be more common in males. 36 This aspect was not further assessed in this study but could be the subject of future observation.
| Method of measurement
The procedure to assess tongue coating was a modification of the method as described by Miyazaki et al (1995) . 3, 37 In short, the tongue is visually assessed by one and the same trained examiner and divided in 9 more or less equal sections (3 anterior third, 3 middle third and 3 posterior third). Each section received a score for Tc (0-2) and a score for Td (0-4) as presented in as means in Table 1 and per Tc/Td score as percentage of subjects in Table 2 .
Over the years, a variety of different tongue coating indexes has 21 Some studies have scored tongue coating as present or absent. 2, 38 Whereas other studies ascribed the coatings as none, light, medium or heavy. [39] [40] [41] Furthermore, several studies described an index with scores 0-4, making a distinction between the size of the covered area and the thickness of the coating. [42] [43] [44] [45] Other methods of assessing the tongue coating are more complex such as digital imaging analysis 46 or wet weight analysis, 1, 6, 47 and these tend to be more precise. 48 Moreover, the assessment of coating can also be performed using autofluorescence 49 or utilize bacterial counts (expressed as cfu cm 2 ). 50 However, complex methods like these are not easily applied in routine clinical practice. The method used in the present study is a simple method for clinical use, where no complex instruments are required and which can be completed in less than one minute. 3, 37 It is therefore also convenient in clinical practice. 51 Reproducibility of a clinical scoring method was found to be moderate to strong and varies between 0.48-0.84. 49 To establish higher reliability, the limitations of the subjectivity of the assessor can be overcome through calibration training. 51 Also, reliability increases when criteria are simplified. 52 With respect to analysis of tongue coating scores, various ways have been published. Winkel et al 21 
| Limitations of the study
The specific population examined in this study, which consisted of healthy young adults, introduces a limitation in generalizability.
Furthermore, research on the topic of tongue cleaning and the effect it may have on the tongue surface appearance should not only consist of a cross-sectional investigation but could also be explored in a controlled study design.
Tongue coating correlates with soft food intake. 31 Also, coffee increases the amount of coating 11 and discoloration. 3 This was however not assessed in the current evaluation.
| CON CLUS ION
BOMP, BOPP or PI score did not appear to be linked to Tc and Td. A significant gender difference was found for Tc and Td. Self-reported tongue cleaning behaviour was associated with slightly lower BOMP and BOPP scores.
| CLINI C AL RELE VAN CE
| Scientific rationale for the study
Tongue coating may affect the oral microflora and in effect plaque accumulation and gingival inflammation. Tongue cleaning may affect tongue surface appearance.
| Principal findings
There was no correlation between gingivitis or plaque scores and tongue coating thickness or discoloration. Self-reported tongue cleaning did not show to have an effect on both coating thickness and discoloration; however, it was associated with lower gingivitis scores.
| Practical implication
The observed relationship between BOMP or BOPP and tongue cleaning indicates that this may be an oral hygiene aspect that deserves further investigation. Abbreviations: 95% CI = 95% Confidence Interval.
